Shorter survival has been associated with low socioeconomic status (SES) among elderly non-Hodgkin's lymphoma (NHL) patients; however it remains unknown whether the same relationship holds for younger patients. We explored the California Cancer Registry (CCR), to investigate this relationship in adolescent and young adult (AYA) NHL patients diagnosed from 1996 to 2005. A case-only survival analysis was conducted to examine demographic and clinical variables hypothesized to be related to survival. Included in the final analysis were 3,489 incident NHL cases. In the multivariate analyses, all-cause mortality (ACM) was higher in individuals who had later stage at diagnosis (P < .05) or did not receive first-course chemotherapy (P < .05). There was also a significant gradient decrease in survival, with higher ACM at each decreasing quintile of SES (P < .001). Overall results were similar for lymphoma-specific mortality. In the race/ethnicity stratified analyses, only non-Hispanic Whites (NHWs) had a significant SES-ACM trend (P < .001). Reduced overall and lymphoma-specific survival was associated with lower SES in AYAs with NHL, although a significant trend was only observed for NHWs.
Introduction
Lymphomas are among the most common cancers [1] and the most common hematologic malignancy [2] in adolescents and young adults (AYAs, defined by the National Cancer Institute (NCI) as individuals aged 15-39 at diagnosis). In California, non-Hodgkin's lymphoma (NHL) represents approximately 7% of cancers diagnosed in AYAs (unpublished data). Mortality in AYA NHL patients has been found to be higher than in younger children [3, 4] , attributed in part to a lack of understanding of how best to treat NHL in AYAs.
Recent attention has been given to investigating socioeconomic disparities in survival among cancer patient populations with diverse ethno-racial or socioeconomic backgrounds or with differential access to healthcare [5] [6] [7] [8] [9] [10] . Concurrently, NCI-as well as several other cancer advocacy agencies such as the Lance Armstrong Foundation-has begun to address the gaps in cancer research for AYAs [1, 11] .
This study sought to examine whether socioeconomic factors beyond race/ethnicity and treatment differences influence survival in AYAs with NHL. The following research questions were investigated:
(1) Does neighborhood-level socioeconomic status (nSES) at diagnosis predict all-cause and lymphomaspecific mortality in AYAs diagnosed with NHL, after adjustment for race/ethnicity, gender, insurance status at diagnosis, marital status, stage at diagnosis, nodality, and first-course treatment? (2) Is there a linear trend between decreasing nSES and shorter survival? (3) Is the relationship between nSES and mortality modified by race/ethnicity?
Cause of Death.
Cause of death was recorded according to the ICD criteria in effect at the time of death [17] , using ICD-9 codes for deaths prior to 2000 and ICD-10 codes for deaths in 2000 and later. Hospital registrars contact cases annually and CCR staff review state death certificates on an annual basis to identify deceased patient cases. The last date of follow-up was the date of death or last date of contact [13] .
Statistical Analyses.
Demographic characteristics and clinical parameters were analyzed using Pearson's χ 2 tests. Kaplan-Meier curves were generated for age group, race/ethnicity, nSES categories, and insurance status and were compared with the log-rank test. Cox proportional hazard regression was performed to generate adjusted hazard ratios (HRs) for all-cause mortality (ACM) and lymphomaspecific mortality (LSM) using SAS 9.1 (SAS Institute, Inc., Cary, NC), controlling for age at diagnosis, race/ethnicity, histology, stage at diagnosis, nSES, insurance status, gender, and diagnostic year. Statistical significance was assumed for a two-tailed P = .05.
Results

Demographic Data.
A total of 2,432 males and 1,330 females in California aged 15-39 at diagnosis with NHL between 1996 and 2005 comprised the study group. Table 1 presents distributions of demographic, clinical, and socioeconomic characteristics by race/ethnicity. There was significant variation in age, tumor staging, nodality, first-course chemotherapy, radiation, nSES, and health insurance. The majority of the cases (all histologic types) were diagnosed at a late stage, but significantly more (P < .01) Non-Hispanic Black (52%) than Asian/Pacific Islander (34.7%) patients were diagnosed at a distant stage. Figure 1 presents the frequencies of nSES at diagnosis by race/ethnicity and shows that for NHWs and APIs, more individuals resided in higher SES areas, while for NHBs and Table 2 displays the unadjusted and adjusted hazard ratios for both all-cause mortality (ACM) and lymphoma-specific mortality (LSM) for this analysis. The estimated average HR increased by 2% (95% CI: 1.01-1.03) for every increasing year of age at diagnosis after adjustment for all other variables: gender, race/ethnicity, diagnostic year, histological subtype, nodality, stage at diagnosis, nSES, insurance status at diagnosis, and first-course treatment with chemotherapy and/or radiation. In the univariate model, NHBs and HLs appeared to have increased ACM and LSM compared to NHWs. However, after adjustment no significant differences in mortality remained between NHWs and either NHBs or HLs. Conversely, adjustment increased rather than decreased the magnitude of difference in LSM for APIs compared to NHWs.
Survival Analysis.
Compared to earlier stages, later stage at diagnosis appeared to have a slightly stronger effect on ACM after adjustment (adj HR: 3.16, 95% CI: 2.63-3.81) and the adjusted HR for later stage at diagnosis remained high for LSM (adj HR: 3.14, 95% CI: 2.42-4.06). Extranodal involvement appeared to increase risk of overall death, but only after adjustment (adj HR: 1.29, 95% CI: 1.11-1.50). For LSM, extranodal involvement appeared to have a protective effect (HR: 0.71, 95% CI: 0.59-0.86), but there was almost no effect after adjustment (adj HR: 0.99, 95% CI: 0.81-1.22).
Not having received chemotherapy as a first-course treatment appeared protective in the unadjusted ACM analysis (HR: 0.75, 95% CI: 0.62-0.91), but in the full model conferred shorter ACM (adj HR: 1.27, 95% CI: 1.02-1.57). On the contrary, not having first-course chemotherapy yielded protective LSM effects for both the unadjusted (HR: 0.24, 95% CI: 0.16-0.36) and adjusted HR (adj HR: 0.37, 95% CI 0.24-0.57). Results were stratified by stage at diagnosis, and it appears that only in patients with distantstaged NHL was adjusted ACM significantly higher than in patients that did not receive first-course chemotherapy (adj HR: 1.69, 95% CI 1.28-2.24). For patients who did not receive first-course chemotherapy, LSM was improved both in those with localized disease (adj HR: 0.16, 95% CI 0.07-0.38) and those with regional disease (adj HR: 0.11, 95% The effects of decreasing nSES on ACM and LSM significantly worsened with every decreasing quintile both before and after adjustment, with the strongest effects evident at the lowest quintile (P < .05) (see Figure 2 for overall unadjusted Kaplan-Meier survival curves). The adjusted hazard ratio for ACM for those residing in the poorest SES quintile at diagnosis compared to the wealthiest was 1.40 (95% CI: 1.13-1.75). All-cause mortality was higher for individuals with government-provided insurance as compared to having no insurance (HR: 1.41, 95% CI: 1.07-1.87), but after adjustment the effect was only marginally significant (adj HR: 1.32, 95% CI: 1.00-1.75). For individuals with private insurance, unadjusted survival was longer (HR: 0.62, 95% CI: 0.47-0.82) compared to those without insurance, although the difference was not significant after adjustment.
A subgroup analysis was conducted to examine whether marital status, as a means of social support, conferred longer survival among individuals aged 18 and over at diagnosis. After adjustment for the other demographic and clinical parameters in the full model, individuals who were married at diagnosis had 23% lower ACM (adj HR: 0.67, 95% CI: 0.58-0.78) as compared to those who were single, separated, divorced, or widowed at diagnosis. There was no significant difference in lymphoma-specific survival for individuals who were married at diagnosis, as compared to other marital statuses (adj HR: 1.00, 95% CI: 0.83-1.20).
Race/Ethnicity-Specific Multivariate Survival Analysis.
Overall survival analysis was next stratified by the four racial/ethnic groups: NHW, NHB, HL, and API (Table 3 ). In the stratified analysis, a one-year difference in age conferred a significant survival effect only in NHWs (adj HR: 1.02, 95% CI: 1.01-1.04) and HLs (adj HR: 1.02, 95% CI: 1.01-1.04); however, the analyses may have been underpowered for NHBs and APIs. Later stage at diagnosis continued to be the strongest predictor of mortality across all age groups. Journal of Cancer Epidemiology 
Discussion
This study is one of the first to examine the impact of socioeconomic status on survival in adolescents and young adults with non-Hodgkin's lymphoma. Our analyses indicate that nSES and treatment variables attenuate much of the racial/ethnic-specific differences in survival and that, after adjustment for demographic and clinical variables, both NHBs and HLs tend to show similar survival patterns to NHWs. Asian/Pacific Islanders, however, showed significantly poorer lymphoma-specific survival than NHWs. Being married at diagnosis, a possible indicator of social support [22] , as compared to being single, separated, widowed, or divorced, conferred strong protection against all-cause mortality, but not lymphoma-specific mortality.
Furthermore, when examined across racial/ethnic groups, a significant gradient in survival by nSES was only evident in NHWs. Although not significant, there was a suggestion of lower survival in APIs as nSES decreased, but the low numbers of APIs in the study likely contributed to wide confidence intervals. For HLs, having private insurance contributed to better survival, but for NHB, having governmentprovided insurance was associated with worse survival.
Similar findings were reported in a cohort of elderly NHL patients (age at diagnosis ≥ 65) in a study examining the association of mortality risk and SES. Over three times as many Black patients resided in the lowest SES quartile than Whites (P < .001). The authors found increasing hazard ratios by decreasing SES quartile after adjusting for race/ethnicity, sex, age, marital status, stage, comorbidity, and therapy, and for both all-cause and NHL-specific mortality. Interestingly, individuals in the lowest SES quartile and diagnosed at stages I-II had a higher adjusted hazard ratio (adj HR: 1.31, 95% CI: 1.19-1.44) than individuals diagnosed at stages III-IV (adj HR: 1.22, 95% CI: 1.12-1.33). Finally, after controlling for disparities in stage at diagnosis and treatment, the authors failed to find significant differences in all-cause or NHL-specific mortality between Black and White patients [10] .
A Brazilian study of Hodgkin's lymphoma patients also found higher mortality associated with lower SES that was unexplained by treatment regimen [23] . A Scandinavian study investigated SES influences on incidence and survival in adult NHL cases and found decreasing rates of both one-and five-year relative survival by decreasing level of education, dwelling size, and disposable income [24] .
However, two other studies of SES impacts on lymphoma survival failed to find a significant association. A hospitalbased study in Austria that investigated relapse-free survival (RFS) in a cohort of 218 Hodgkin's lymphoma patients (average age at diagnosis = 35.9 ± 15.0 years) found that after adjustment for age survival rates actually decreased with corresponding increases in educational level and income. The authors commented that the findings seemed to be specific only to Hodgkin's patients and may partly be specific to Austria's equal-access healthcare system or to possible underlying immunological differences related to life-course exposures, such as Epstein-Barr virus positivity [25] . A study on teenaged and young adult cancer patients (aged [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] in England reported no gradient between survival and a composite measure of area-level poverty among NHL patients [26] . The lack of an association may be partly due to the age range included in this study; another study that examined nSES impacts on survival in leukemia patients aged 0-39 only found a significant gradient in survival among 30-39 year-olds [9] .
An investigation on survival in NHL patients in Scotland and Wales found 10% and 19% shorter survival in intermediate and most deprived areas, respectively, [27] . The study used an area-level deprivation score based on four census variables (car ownership, male unemployment, overcrowding, and social class). Race and ethnicity were not reported in the Scottish study, perhaps because health research on racial/ethnic differences in survival is less widely conducted in the UK. If the study sample was fairly homogenously Caucasian, the results would be consistent with our findings of an nSES gradient in survival among Non-Hispanic Whites.
Not finding an SES-mortality gradient in the non-White patients in our study raises several questions about the cancer experience in these populations. First, it is important to reiterate that for NHBs and HLs, although the unadjusted hazard ratios for both ACM and LSM were significantly higher than for NHWs, adjustment for the other factors in the model-including nSES, stage at diagnosis, and first-course treatment-attenuated these risks. As evident in Figure 1 , there were far more NHBs and HLs residing in poorer nSES areas, which often have lower access to resources. Thus, it is possible the differences in survival by race/ethnicity commonly reported may be due more to confounding by later initiation of and poorer access to care, a phenomenon noted in Hispanic populations [28] . Measuring access to care is quite difficult, particularly in a registry-based analysis, and further studies should be done to examine why a gradient exists for NHWs but not other racial/ethnic groups. Differential access to the most effective treatment regimens may still persist for lower SES groups.
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The lack of a consistent association between health insurance status and survival after adjustment was surprising, given the widely-documented increased vulnerability of patients lacking health insurance. Finding higher all-cause mortality among those with government-provided insurance compared to those without insurance suggests that there may be important disparities in access to care among Medicaid recipients. Approximately double the percentage (17.8%) of those without health insurance compared to those with government-provided health insurance (9.4%) resided in the highest nSES quintile at diagnosis. A paper analyzing the relationship of health insurance status and cancer outcomes across US demographic groups found striking disparities in cancer screening, stage at diagnosis, and survival for those uninsured or insured by Medicare or Medicaid [19] . Individuals in the general population aged 18-24 were also found to have the highest probability of lacking insurance or being insufficiently insured. Access to adequate healthcare coverage can affect cancer care, including challenges of covering premiums, deductibles, and co-payments, and difficulty remaining employed and eligible for insurance benefits [19, 29] . One study found an average increase of 13.1 weeks in wait time between diagnosis and initiation of treatment for non-or government-insured patients as compared to private health insurance, although no associations between wait times and SES, gender, age, race/ethnicity, or marital status were found [30] . These financial considerations may contribute to delays and advanced staging at diagnosis.
One of the strengths of this study is the use of CCR data with a large, heterogeneous, and population-based cohort with almost complete patient ascertainment and followup. Registry-based explorations of factors that contribute to longer survival are important to help identify groups that are particularly vulnerable to premature cancer mortality. Because social determinants affect health outcomes along several pathways, it is important to document the existence of persistent health disparities, particularly for understudied groups such as AYAs.
The limitations of this study include the estimation of SES based on the residence at diagnosis, which may not accurately capture some factors that contribute to healthy living environments and adequate medical care. Transitioning through developmental life stages can make AYAs a heterogeneous group; some are dependent on parents and relatives while others provide for families of their own. As such, measuring SES as a one-time neighborhood composite variable may inadequately summarize an individual patient's social and financial circumstances [31] . The way that first course of treatment is measured in the Registry is also somewhat limited; it is not possible to know the type of therapy, the dose-intensity administered, and other factors related to the treatment regiment that may have significant influence on survival. Furthermore, knowing a patient's health insurance status only at diagnosis does not reveal whether the insurance was sufficient in covering the costs associated with cancer treatment, nor does it reveal whether there were any subsequent lapses in insurance coverage. These findings do not appear to be limited to the US; however, comparability across borders may be limited due to differing national health systems. Patient contact studies that address individual socioeconomic barriers to treatment and recovery and that can better guide potential interventions are warranted, as is the development and evaluation of programs specifically designed to meet the needs of the diverse and unique AYA population.
Conclusion
Our study is one of the first to examine socioeconomic impacts on survival in AYAs with NHL. We determined that as neighborhood SES at diagnosis increases, overall-and lymphoma-specific survival improves, after adjustment for demographic and treatment variables, and a linear trend persists. The impact of SES on mortality appeared to be independent of health insurance status at diagnosis. However, when stratified by race/ethnicity, the effects of nSES on mortality were only significant in Non-Hispanic Whites.
